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; where R Is a hydrogen atom, an alkyl group having from 1 to 
; 10 carbon atoms, an afkoxy group having from t to 4 carbon 
: atoms, on aOcoxycarbonyl group having from 2 to 5 carbon 
atoms, an acyl group having from 2 to 5 carbon atoms* an 
amlnocarbonyl group* an aacyfsnu'nocafbonyl group having 
. from 2 to 5 carbon atoms, an alkylsulfonyl group having from 
1 to 3 carbon atoms, an aminosulfbnyl group, an acyfamino 
I group having from 2 to 5 carbon etoms, a nhro group, a 
cyano group or a halogen atom, m is an Integer of from 1 to 
4, when m » 2 or more, the pturaOty of R may ba the eame or 
differem substituents, Q fa -NHCOY-Z or -CONH-Y-Z (where 
y is an alkytene group having from 1 to 4 carbon atoms, and 
Z is s quaternary ammonium group}, M Is a chromium atom 
or a cobalt atom, and )^ is an anion. 
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METAL COMPLEXES 

The present invention relates to a metal complex and 
an electrophotographic toner containing the metal 
complex. 

S In electrophotography, it is common to employ a 

method which comprises forming an electrostatic latent 
image on a photoconductor made of e.g. a phot ©conductive 
marerial, then developing the latent image with a powder 
developer to form a visible image, and further fixing the 

10 image by heat or a solvent. 

As the developer for such electrophotography, it is 
common to use a mixture comprising fine powder composed 
of a resin and a coloring agent, vhich is generally 
called a toner, and fine glass beads or iron powder, 

15 which is generally called a carrier. 

The present invention relates to this developing 
powder called a toner and a novel metal complex useful 
for the toner. 

A photoconductive layer can be positively or 

20 negatively charged, and a positively or negatively 



^ J ^ 0141377 

charged electrostatic latent image can be formed in the 
photoconductiv^e layer by exposing it with an original 
overlaid thereon* When a negatively charged 
electrostatic latent image is developed with a positively 
charged toner, a positive-positive image corresponding to 
the original will be formed. However, when a positively 
charged electrostatic latent image is developed with a 
negatively charged toner, a negative image of the 
original, i.e» a positive-negative image, where the black 
and white tones are reversed, will be obtained. Thus, as 
electrophotographic toners, there are two types of 
toners, i.e. one being a positively charged toner and the 
other being a negatively charged toner « 

:he present invention relates to a positively 
chargeable toner. 

In general, such a toner is fine powder obtained by 
mixing a coloring agent such as a dyestuf f or a pigment, 
to a synthetic resin. 

la order to positively charge the toner, the electro- 
static characteristics of the dyes tuff play an important 
role so that the dyeatuff serves not only as a coloring 
agent but also as an electric charge-controlling^ agent. 

As a positive charge-controlling agent, basic 
dyestuf fs such as Nigrosine have been employed. However, 
the conventional dyestuffa such as Nigrosine have 
drawbacks such that there is a substantial variation in 
the electric chargeability among production lots, and 
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when formed into a toner the durability of the toner for 
continuous repeated use for photocopying is not good. 

The present inventors have conducted extensive, 
researches to solve the above problems, and have found 
certain metal ccaplexes having a pokitiye charge- 
controlling ability and good compatibility with resins. 
It is thereby possible to obtain excellent toners free 
from the above-mentioned problems. 

Namely, the present invention provides a symmetric 
2 : 1 metal complex represented by the general formulas 



f 





N=N 

,0 + O 




(1) 



20 where R is a hydrogen atom, an alkyl group having from 1 
to 10 carbon atoms, an alJcoxy group having from 1 to 4 
carbon atoms, an alkoxycarbonyl group having from 2 to 5 
carbon atoms, an acyl group having from 2 to 5 carbon 
atoms, an aminocarbonyl group, an alkylaminocarbonyl 
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group having from 2 to 5 carbon atoms, an alkylsulfonyl 
group having from 1 to 3 carbon atoms, an aainosulf onyl 
group r an acylamlno group having from 2 to 5 carbon 
atoms r a nitro group, a cyano group or a halogen atom, m 
is an integer of from 1 to 4, when m is 2 or more, the 
plurality of R may be the same or different substituents , 
Q is -NHCO-y-Z or -CONH-y-Z (where Y is an alkylene group 
having from 1 to 4 carbon atoms, and 2 is a cpiaternary 
ammonium group) , H is a chromium atom or a cobalt atom, 
and is an anion. 

The present invention also provides an electrophoto- 
graphic toner containing the metal complex of the formula 
I as an electric charge-controlling agent or a coloring 
agent. 

Now, the present invention will be described in 
detail with reference to the preferred embodiments. 

The metal complex of the formula I of the present 
invention may be prepared in good yield fay diazotiaing a 
diaso component represented by the general formula: 




(II) 



where R and. m are as defined above, by a conventional 
method, then coupling the resulting diazo compound with a 
coupling component represented by the general formulas 



20 




0141377 



<iii) 



where X and Q are as defined above, by a conventional 
method, to obtain a monoazo compound represented by the 
general formula t 




(IV) 

10 where R, m, and Q are as defined above, and then heat- 
treating this monoazo compound with a chromium- 
introducing agent or a cobalt-introducing agent in water 
o- in an organic solvent by a conventional method. As 
the diazo component of the formula ir which may be used 
13 in the present invention, there may be mentioned, for 

instance, 3-chloro-2-aminophenol, 4-ehloro-2-aminophenol , 
4-bromo-2-aminophenol, 5-bromo-2-aminophenol , 4-iodo-2- 
aminophenol , 3 , S-dichloro-2-aminopJjenol , .4 , 6-dichloro-2- 
aminophenol, 3,4,6-trichloro-2-aminophenol, 4-nitro-2- 
aminophenol, 5-nitro-2-aminophenol, 6-chloro-4-nitro-2- 
aminopbenol, 4-chloro-5-nitro-2-aminophenol, 4-chlara-6- 
nitro-2-aminophenol, 6-bromo-4-nitro-2-aminophenol, 4- 
methyl-2-aainophenol , 4-t-butyl-2-aminophenol, 4-t-octyl- 
2-amlnophenol, 4, 5-dimethyl-2-aminophenol , 



4-meth03cy-2-aminopbenol r 4-niethyl-5-nitro-2-aminophenol , 
4-bronio-S-methyl-2-aainophehol , 4-cyano-2-aininophenol , 
4-acetyl-2-aainophenoL , 4-methoxycarbony 1-2-amlno- 
phenolf 4-aminocarbonyl-2-aininophenol, 4-ethylaxnino- 
carbonyl-2-aiainophenol, 4-aminosulfonyl-2-amlnophenol and 
4-propylsulf onyl-2-aminopherxol • 

As the coupling component: of the formula III where Q 
is -NHCO-Y-Zr there may be mentioned N,N,K-trimethyl-af-* 
[N • -{ 7-hydroxy-l-naphthyl ) carbamoyl Imethylammonium 
chloride, N,N,N-trimethyl-19-lN«-<6-hydroxy-l-naphthyl>- 
carbamoyl Imethylammoninm chloride, Nr»,N-triethyl-N-CN'- 
( 7-hydroxy-l-naphthyl ) carbamoyl Imethyl ammonium chloride , 
NrN-dimethyl-N-ethyl-N-[N • - ( T-hydroxy-l-naphthyD- 
carbamoyllmethylammonium iodide, N,N-dimethyl-N-n-butyl- 
]N- tN • -X 7-hydroxy-l-naphthyl } carbamoyl Jmethylammonium 
bromide, N,N-dimethyl-Kf-n-butyl-M-ll3 '-(S-hydroxy-l- 
naphthyDcarbamoyllmethylammonium chloride, 13,N,19- 
tr imethyl-N-EN • - (7- hydroxy-l-naphthyl) carbamoyl Ipropyl- 
ammonium chloride, N,N,N-trimethyl-N-[N'-(6-hydroxy-l- 
naphthyl ) carbamoyl Ipropylammonium chloride , N ,N-dimethyl- 
M-benzyl-N- [N ' -< 7-hydroxy-l-naphthy 1 ) carbamoyl Imethyl- 
ammonium chloride, N-^ethyl-S--CN ;-(^7-hydroxy-l-naphthyl^ 
carbamoyl Ipropylpiperidinium bromide, N-methyl-N-IN*-(7- 
hydroxy -1 -naphthyl ) carbamoyl Imethylmorphol inium chloride , 
N-IN ' - ( 7-hydroxy-l-naphthyl ) carbamoyl Imethylpyr idinium 
chloride, and N-[N«-( 6-hydroxy-l-naphthyl) carbamoyl ] - 
methylpyridinium chloride. 
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Further, as the coupling component of the fomtaa III 
where Q is -CONH-Y-Z/ there may be mentioned NrN,N- 
trimethyl-N-2-t 3-hydroxy-2-naphthamido )ethylammonxum 
chloride, N,N,N-triethyl-N-2-C 3-hydroxy-2-naphthamido )- 
ethylammonium chloride, NrN,N-trimethyl-N-3--(3^hydroxy- 
2-naphthamido)propylajnmonium bromide^ NrN-dimethyl-N- 
ethyl-N-3-( 3-hydroxy-2-naphthainido )propylainmonium 
chloride, N,N,N-trimethyl-N-4-{ 3-hydroxy-2-naphthamido }- 
butylammonium chloride, N,N-dibutyl-N^ethyl-N-3-C3- 
hydroxy-2-naphthamido)propyla2mnonium chloride, N-methyl- 
N-3-{ 3-hydroxy-2-naphthamidc)propylpiperidinium bromide, 
N-methyl-N-3-(3-hydroxy-2-naphthamido)propylinorpholinium 
chloride and N-2-< 3-hydroxy-2-naphthamido)ethylpyridinium 
chloride. 

The metal complex of the formula I of the present 
invention thus obtained, has a positive chargeability and 
excellent compatibility with resins, for example, a 
polymer of styrene or a substituted styrene such as poly- 
s^yrene or polyvinyl toluene, a styrsne-substituted 
styrene copolymer, a styrene-acrylate copolymer, a 
styrene-methacrylate copolymer, a styrene-acrylonitrile 
copolymer, a polyvinyl chloride resin, a polyethylene, a 
silicone resin, a polyester, a polyurethane, a polyamide, 
an epoxy resin, a modified rosin or a phenol resin. 
Thus, the metal complex can uniformly be dispersed in 
such a resin and further pulverized into fine powder* 
Such a fine powder also has positive chargeability. 



On the other handf the metal complex of the present 
Invention has little solubility in water r and scarcely 
affected by the environmental humidity, tbas being 
capable o£ maintaining the positive chargeabillty for a 
long period of time* 

.In the formula I, ia preferably a halogen ion such 
as a chlorine, bromine, fluorine or iodine ion. 

The toner of the present invention may be prepared by 
melt-mixing f rra 1 to 30% by weight of the metal coii^lex 
of the formula 1 with 50 to 99% by weight of a synthetic 
resin, and after the solidification, pulverizing the 
solidified product by means of a ball mill or other 
pulverizer. Alternatively, it may be prepared by adding 
a polymerization initiator to a synthetic resin monomer, 
incorporating from 1 to 50%, by weight of the mcmomer, of 
the metal complex of the formula I thereto, and 
polymerizing the mixture in a. suspended state in water, 
ether coloring agents or carbon black may also be 
ir*corporat d. The toner thus obtained will provide an 
electric charge in a quantity suitable for the 
development of an electrostatic image due to the friction 
with the cajxier , whereby the quantity of J:he electric 
charge can be maintained at a constant level during 
repeated development operations « The distribution of the 
electric charge is uniform and can he maintained in a 
stabilized condition for a long period of time. 
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Accordingly, an image developed by means of this toner, 
is uniform and has a constant image density, and it is 
very sharp as compared with the image where a 
conventional positive toner is used. 

5 Now, the present invention will be described in 

further detail with reference to Examples. However, it 
should be understood that the present invention is by no 
means restricted by these specific Examples. 

In the Examples, "parts" means "parts by weight". 

10 EXAMPLE It 

14.4 Parts of 4-chloro-2-aminophenol was mixed with 
26 parts of concentrated hydrochloric acid and 400 parts 
of water, and the mixture was cooled with ice to a 
temperature of from 0 to S°C. After an addition of 6.9 
parts of sodium nitrite, the mixture was stirred at the 
same temperature for 2 hours for diazotization. The 
diazo compound thus o;jtained was subjected to a coupling 
reaction by pouring it into a solution of a mixture 
comprising 300 parts of water, 10 parts of sodi'jn 
hydroxide and 29.3 parts of H,N,N-trimethyl-N-£N'- 
(7-hydroxy-l-naphthyl) carbamoyl 1 methylammonium chloride 

^5 ^.*'®'"?.1''J?_1^'^. «^ . ^59^ A to.^C, . ThenL,_a,.monoazo„.! 

compound having the following structure was Isolated. 
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® 

(CH3)sNHaG0CHN. 




.e 



OH HO 

rails monoazo compound was dissolved in 120 parts of 
ethylene glycol, and 17.4 parts of sodium chromiom 
salicylate was added thereto. The mixture, was stirred at 
a temperature of from 85 to 90°C for a chroroiiam-introduc- 
ing reaction. Then, the mixture was cooled to 30°C, and 
hydrochloric acid was added to acidify the mixture to an 
acidity confirmed by Congo Red. Then, the product was 
isolated at room temperature, and dried under reduced 
pressure at SO to 60*'c to obtain 43 parts of chromium 
complex of the following formula as a blackish blue fine 
powders 



"1® 



{CHa)aNH,COCHN 
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The wavelength at the maximum absorption by this chromium 
complex was 581 nm as measured in a dimethylformamide 
solvent. 

The coupling component used in this Example was 
prepared by chloroacetylating 8-amino-2-naphthol in 
glacial acetic acid with chloroacetic acid chloride by 
using sodium acetate as an acid binding agent, to obtain 
8-chloroacetylamino-2-naphthol , dissolving isolated 8- 
chloroacetylamino-2-naphthol in acetone, and then blowing 
gaseous trinethylamine into the solution. 
EXAMPLE 2: 

53.8 Parts of a monoazo dyestuff represented by the 
formula: 

JP^ (oV-NHCOCH^g) 

O. OH HO 
ootained in the same manner as in Example 1, was 
^-ssolved in 200 parts of methyl cellosolve, and after an 
addition of 18.2 parts of sodium chromium salicylate, the 
mixture was stirred at a temperature of from 100 to 105°C 
f or„ 2 hours , for a chromium-rintroduclng -reaction-. —Then, 
20 the mixture was cooled to 20®C, and then treated in the 
same manner as in Example 1 to obtain 51.2 parts of a 
chromium complex of the following formula as a black 
powder: 



- 12 - 



0141377 




The waveleng%h at the naxii&unk absorption 1^ this 
chromium conqplex was 594 nm as measured in a dimethyl- 

... w 

fonntinide solvent. 

The coupling component . used in this Bxaunple was • 
readily prepared heating 5-chloroacetylainino-2- 
napnth.ol in pyridine. 
aCAMPLES 3 to 32s 

In the same manner as in Examples 1 and 2 9 syinnietric 
2:1 metal compiexes were obtained. The structures , the 
wavelengths at the maximuin absorption (in dimethyl- 
fonnamide) and outer appearance are shown in Table 1. 
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EXAMPLE 33: 

15.4 Parts of 5-nitro-2-;aininophenol was mixed with 26 
parts of concentrated hydrochloric acid and 250 parts of 
water, and the mixture was cooled with ice to a 

5 temperature of from 0 to 5°C. After an addition of 6.9 
parts of sodium nitrite^ the mixture was stirred at the 
same temperature for 1.5 hours for diazotization. The 
diazo compound thus obtained was subjected to a coupling 
reaction by pouring it into a solution comprising 400 

10 parts of water, IG parts of sodium hydroxide and 39.9 
parts of N,NrN-triraethyl-N-3-(3"hydroxy-2-naphthamido)- 
propylammonium methylsulf ate at a temperature of from 0 
to S^C, Then, a monoazo pompound represented by the 
formula: 

OH HO C0NHC3H»N(CH3)s 

was isolated. This monoazo compound was dissolved in 150 
parts of methyl cellosolve, and 17.5 parts of sodium 
chromium salicylate was added thereto. The mixture was 
stirred at from 90 to 95°C for 2 hours for a chromiiim- 
introducing reaction. Then, the reaction mixture was 
cooled to 25^C, and hydrochloric acid was added to ' 
acidify the mixture. Then, the product was isolated and 
dried under reduced pressure at a temperature of from 50 



■ - : * : -^i- ' 01-41 

to 60^C to obtain 56 parts of a chromlim complex having 
the following formula as a blackish purple powdert 




The visible ray absorption spectrum of this chromium 
CGSi^lex vss measured in a dimethylf ozmamide solvent, 
whereby the wavelength at the maximum absorption was 
5S9 niTi. 

The coupling component used in this Exan^le was 
obtained by reacting methyl 2-hydroxy-3-naphthoate with 
dimethylamino propylamine in toluene to obtain N,N-- 
dimethyl-N-3-( 3-hydroxy-2-naphthamido)propylamine/ and 
converting the amide compound isolated by filtration r 
with dimethylsufuric acid in methanol, to a quaternary 
ammonium form. Further, the amide compound may also be 
readily prepared via 2-hydroxy-3-napthoic acid chloride* 
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EXAMPLE 34: 

62.8 Parlis of a monoazo dyes tuff of the formual: 

OH HO CONHCaHeN^^ 

CH3 

CH3SO4® 

obtained in the same manner as in Example 33/ was 
dissolved in 200 parts of dixoethylf ormamide, and after an 
addition of 30.5 parts of chromitm acetate (45% 
solution) # the mixture was stirred at a temperature of 
from 100 to lOS^C for 3 hours for a chromium- introducing 
reaction. Then, the mixture was treated in the same 
manner as in Sxample 33 to obtain 54.3 parts of a 
chromium complex of the following formula as a blackish 
purple fine powder: 



CI^ 




CONHC3H6N 

CHa 



The visible ray absorpt^lon spectruxa o£ this chromiian 
cCTiplex was .measured in a dimethylformamide solvent, 
wherelpy the wavelength at the maximiom absorption was 
602 xun. 

EXAMPLES 35 to 58: 

In the same manner as in B&araples 33 and 34 r metal 
complexes were prepared « The structures , the wavelengths 
at the maximum absorption and the outer appearances of 
these metal complexes are shown in Table 2. 
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Now, the following Application Examples are given to 
illustrate the toners of the present invention. 
Application Example 1: 

To 5 parts of the chromium complex obtained in 
Example 1, 100 parts of. a styrene-n-butyl methacrylate 
copolymer and 5 parts of carbon black were added and 
thoroughly mixed. Then, the mixture was kneaded while 
beating and melting it. After cooling, the mixture was 
roughly pulverized in a mixer, and then finely pulverized 
by a high speed centrifugal pulverizer to obtain a 
positively chargeable fine toner. The toner was mixed 
with iron powder having a particle size of from 100 to 
150 vm in a weight ratio o£ 5 * 100, and the mixture was 
used for a commercially available copying machine 
employing a zinc oxide photosensitive material, whereby a 
clear image free from fogging was obtained. The quantity 
cf the electric charca of the toner was 22 . c/g on an 
average as measured by a blow off method, and the 
e.ectric charge aistribution- was substantially uniform ,7it 
a level of from 22 to 23 lic/g. 
Application Examples 2 to 13: 

In the same manner as in Application Example 1, 
toners- containi'ifg metaI~cWpreiea and having compositions ' 
as identified in Table 3 were prepared. The electric 
chargeability of these toners was measured. The results 
are also shown in Table 3. 
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To 1 part of a chroniuai complex represented by the 
formulas 
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{CHa)3NEJ«CaHN0C 




CQNHq3H«N( 013)3 



10 



15 



20 



25 



100 parts of a styrene-n-butyl methacrylate copolymer and 
8 parts of carbon black were added and thoroughly mixed. 
The mixture was then kneaded while heating and melting 
it. After cooling, the mixture was roughly pulverized in 
a mixer r and then finely pulverized a high speed 
centrifugal pulverizer to obtain a positively chargeable 
fine toner. The toner was mixed with iron powder having 
a particle size of from 100 to 150 y m in a weight ratio 
of S : 100 , and the mixture was used for a commercially 
available copying machine employing a zinc oxide 
photosensitive material, whereby a clear image free from 
fogging was obtained. The quantity of the electric 
charge of the toner was 17.5 V c/g on an average as 
measured by a blow off method, and the electric charge 
distribution was substantially uniform at a level of from 
17.0 to 18.3 u c/g. 
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Application Examples IS'to 29: 

In the sane manner as in Example 14 # toners 
containing metal complexes and having compositions as 
identified in Table 4 were obtained. The electric 
chargeability of these toners were measured* The results 
are also shown in the Table 4. 
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1. A syiranetric 2 : .1 metal complex represented by the 
general formula: 



where R is a hydrogen atom, an alkyl group having from 1 
to 10 carbon atoms, an alkoxy group having from 1 to 4 
carbon atoms, an alkcaxycarbonyl group having from 2 to S 
carbon atoms, an acyl group having from 2 to 5 carbon 
atoms, an aminocarbonyl group, an alkylaminocarbonyl 
group having from 2 to 5 carbon atoxns, an alkylsulf onyl 
group having from 1 to 3 carbon atoms, an aminosulfonyl 
group, an acylamino group having from 2 to 5 carbon 
atoms, a nitro group, a cyano group or a halogen atom, m 
is an Integer of from 1 to 4, when m is 2 or more, the 
plurality of R may be the same or different substituents , 
Q is -NHCO-Y-Z or -CONH-Y-Z (where Y is an alkylene group 
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having £rom 1 to 4 carbon atoms r and Z is a quaternary 
eutuaonium group), M is a chromiiim atom or a cobalt atom, 
and is an anion. 

2. 7he metal complax according to Claim 1, wherein 7^ is 
S a halogen ion« 

3* An electrophotographic toner containing the metal 

complex of the formula I aa defined in Claim 1, as an 

electric charge-controlling agent or a coloring agent. 

4. The electrophotographic toner according to Claim 3, 
10 which comprises from 1 to S0% by weight of the metal 

complax of the formula Z and from 50 to 99% by weight of 

a resin. 

5* The electrophotographic toner according to Claim 4, 
wherein the resin is a styrene polymer, a substituted 

IS styrene polymer, a styrene-substituted styrene copolymer, 
a atyrene-acrylate copolymer, a styrene-methacrylate 
copolymer, a styrene-^acrylonitrile copolymer, a polyvinyl 
chloride resin, a polyethylene resin, a silicone resin, a 
polyester resin, a polyur ethane resin, a polyanide resin, 

20 an epoxy resin, a modified rosin or a phenol resin, 
phenol resin. 
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